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INTRODUCTION 

I n  a d d i t i o n  t o  the  d i s t i l l a b l e  p roduc ts  a s i zeab le  p o r t i o n  o f  t h e  low rank 
coal  l i q u e f a c t i o n  produc ts  f a l l  i n t o  asphal tene and preasphal tene ca tegor ies .  
Asphaltenes are  genera l l y  de f i ned  as those components i n  pe t ro leum o r  coal  
l i q u i d s  which under s p e c i f i c  e x t r a c t i o n  ccnd i t i ons  a re  so lub le  i n  benzene o r  
to luene  b u t  i n s o l u b l e  i n  pentane o r  hexane (1,Z). Preasphaltenes are  those 
components t h a t  a r e  so lub le  i n  p y r i d i n e  o r  t e t rahyd ro fu ran  b u t  a re  i n s o l u b l e  i n  
benzene o r  to luene. Farcas iu  e t  a l .  (3) proposed t h e  name, aspha l to l s ,  f o r  
t h i s  l a t t e r  c lass  o f  compounds because o f  t h e  p o l y f u n c t i o n a l  n a t u r e  o f  these 
ma te r ia l s .  I n  t h e i r  work i t  was concluded asphal tenes a r e  p r i m a r i l y  
monofunct ional  compounds w h i l e  preasphal tenes a re  po ly func t i ona l  as determined 
by comparison o f  s e l e c t i v e  e l u t i o n  sequent ia l  chromatographic f r a c t i o n s  and 
model compounds us ing  t h i n  l a y e r  chromatography (g,!). Preasphaltenes are 
formed i n  the  i n i t i a l  stages o f  coal  l i q u e f a c t i o n  where t h e i r  fornat. ion may be 
respons ib le  f o r  t h e  h i g h  v i s c o s i t y  o f  t he  products and f o r  o t h e r  processing 
d i f f i c u l t i e s  (5). The preasphaltenes, on a we igh t  bas is ,  produce a v i s c o s i t y  
about tw ice  t h a t  f o r  t h e  asphal tene f r a c t i o n  (5).  

Comparison o f  t he  s t r u c t u r a l  f ea tu res  o f  asphal tenes and preasphal  tenes 
show major d i f f e rences  between t h e  two s o l u b i l i t y  ca tegor ies  occur  w i t h  (1) 
t h e i r  molecular we igh t  d i s t r i b u t i o n s ,  (2 )  t h e  f r a c t i o n  o f  t o t a l  carbon present  
as aromat ic carbons, ( 3 )  t h e  f r a c t i o n  o f  t o t a l  aromat.ic carbon p resen t  as edge 
aromat ic carbons, ( 4 )  t h e  f r a c t i o n  o f  oxygen present  as pheno l ic  and e t h e r a l  
oxygen atoms, and ( 5 )  t h e  r e l a t i v e  amount o f  hydrogen t o  pheno l ic  con ten t  based 
on a per gram o f  t o t a l  sample. O f  a l l  of these parameters a s imple 
r e l a t i o n s h i p  o f  hydrogen and pheno l ic  oxygen conten t  has been found t o  
e s t a b l i s h  the  s o l u b i l i t y  o f  asphal tene and preasphal tene samples. The 
i n t e r r e l a t i o n s h i p  between s t r u c t u r a l  parameters w i l l  be discussed i n  t h i s  paper 
and i n  a subsequent paper ( 6 )  t h e  r e l a t i o n s h i p  of these parameters t o  process 
cond i t i ons  w i l l  be discussed: 

EXPERIMENTAL 

L ique fac t i on  samples were ob ta ined f rom t h e  U n i v e r s i t y  o f  Nor th  Dakota 
Energy Research Center ( f o r m e r l y  the  Grand Forks Energy Technology Center) .  
The r e a c t o r  cond i t i ons  a re  descr ibed i n  Table 1. The samples were i s o l a t e d  

1 i n t o  asphaltene and preasphal tene f r a c t i o n s  us ing  exhaust ive  e x t r a c t i o n  
techniques w i t h  to luene and te t rahyd ro fu ran  , respec t i ve l y .  

The asphaltene and preasphal tene samples were f u r t h e r  separated us ing  a 
p repara t i ve  sca le  GPC column composed o f  50 mm i d  x 120 cm g lass  column packed 
w i t h  Bio-Beads S-X3 (200-400 mesh) s t y rene-d i v iny l  benzene copolymer. P r i o r  t o  
GPC separa t ion  a l l  samples were ace ty la ted  w i t h  C-14 l abe led  a c e t i c  anhydr ide 
i n  o rder  t o  conver t  a l l  hydroxy l  groups t o  ace ta te  f o r  m in im iza t i on  o f  hydrogen 
bonding du r ing  GPC f r a c t i o n a t i o n .  Elemental analyses were performed t o  
determine elemental composition. Oxygen was determined by  d i f f e r e n c e  a f t e r  
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c o r r e c t i o n  f o r  l a b e l e d  ace ta te  p resent .  The pheno l ic  hydroxy l  con ten t  was 
measured by combustion and C-14 count ing  conten t  o f  r e s u l t i n g  C02. Number 
average molecu la r  weight.s o f  t he  samples were measured us ing  a Model 117 Vapor 
Pressure Osmometer u s i n g  p y r i d i n e  as t h e  so l ven t  a t  75°C. I n  normal runs, 2-3 
concent ra t ions  over  a range of  1 t o  50 g /Kg.o f  p y r i d i n e  were employed f o r  
e x t r a p o l a t i o n  t o  i n f i n i t e  d i l u t i o n .  

RESULTS AND DISCUSSION 

The chemical compos i t ion  and s t r u c t u r a l  f ea tu res  o f  a number o f  over  100 
d i f f e r e n t  l i g n i t e  and bi tuminous coa l  l i q u e f a c t i o n  asphaltene and preasphal tene 
samples were measured. The o v e r a l l  percentage by we igh t  o f  t h e  s t a r t i n g  coal 
f a l l i n g  i n t o  e i t h e r  t h e  asphal tene o r  preasphal tene c lass  and cond i t i ons  o f  
p repara t i on  a re  g i ven  i n  Table 1. I n  t h e  case o f  t h e  15 and 26 se r ies  samples 
i n s u f f i c i e n t  da ta  a r e  a v a i l a b l e  t o  c o r r e c t  t h e  percentages t o  a maf basis.  The 
bas i c  a n a l y t i c a l  d a t a  f o r  t h e  asphal tenes and preasphal tenes s tud ied  by 
B a l t i s b e r g e r  e t .  a l .  ( 7 )  a r e  summarized i n  Table 2. The th ree  most s i g n i f i c a n t  

t he  aromat ic carbons. 
s t ruc tu ra !  factor: a r c t h e  mc!ecu!ar weight,  oxyge:: f.;nctfon;l i t y  2nd n a t i r e  0: 

A. S o l u b i l i t y  Parameter Re la t ionsh ips  
The l i g n i t e  and coal  der ived  produc ts  were ob ta ined ove r  a range o f  

temperatures from 400" t o  480°C, under hydrogen o r  hydrogen-carbon monoxide 
pressures from 1500 t o  4000 p s i  and va r ious  donor so l ven t  cond i t ions .  The 
samples were f r a c t i o n a t e d  i n t o  asphal tenes and preasphal tenes by so lvent  
e x t r a c t i o n  us ing  to luene  and te t rahyd ro fu ran  (THF). The e x t r a c t s  were f u r t h e r  
f r a c t i o n a t e d  by p r e p a r a t i v e  GPC techniques. The i s o l a t e d  f r a c t i o n s  were then 
analyzed f o r  elemental  composi t ion,  number average molecu la r  we igh t  by VPO 
us ing  p y r i d i n e  as t h e  so l ven t  , hydroxy l  oxygen conten t  by a c e t y l a t i o n  
procedures and carbon s t r u c t u r e  by NMR techniques. 

P l o t s  o f  mole f r a c t i o n  o f  hydrogen; mole r a t i o  o f  H/C; mole r a t i o  o f  
H/(C+N+O+S); mole r a t i o  edge aromat ic carbons/aromat ic carbons, Haru/Car; o r  

moles hydrogen per  100 g sample were cons t ruc ted  versus the  pheno l ic  oxygen 
conten t  i n  OH moles/100 g sample o r  mole f r a c t i o n  o f  OH. A l l  t h e  p l o t s  show a 
s i m i l a r  d i f f e r e n t i a t i o n  between asphal tenes and preasphal tenes as i l l u s t r a t e d  
i n  F igure  1 f o r  t he  moles o f  hydrogen pe r  100 g sample. The separa t i on  o f  t h e  
asphaltene (87%) and preasphal tene (84%) samples f a l l  i n t o  two d i s t i n c t  regions 
of t h e  graph. The p o r t i o n  o f  samples t h a t  d i d  no t  f i t  were p r i m a r i l y  low 
molecular we igh t  p reaspha l tene and h igh  molecu la r  we igh t  asphal tene samples. 
Th is  i s  p robab ly  due t o  imper fec t i ons  i n  t h e  s o l u b i l i t y  separa t ion ,  For 
example, p a r t  o f  t h e  asphal tene f r a c t i o n s  may have become trapped by adsorp t ion  
processes i n  the  preasphal tene p o r t i o n s  du r ing  the e x t r a c t i o n  process. 
S te f fgen  e t  a l .  (1) have shown t h a t  g r e a t  care  must be taken du r ing  the  
f r a c t i o n a t i o n  o f  o i l  f r om asphal tene samples. It would be expected t h a t  g rea t  
care should be exe rc i sed  du r ing  t h e  separa t ion  o f  asphal tene and preasphal tene 
samples. Equat ion 1 g ives  t h e  f i t  f o r  t h e  d i v i d i n g  l i n e  added t o  F igu re  1. 

Z = H% - (0.486 f 0.008) OH mmole/g - (4.47 f .02) (1) 

Asphaltenes samples l i e  above t h e  l i n e  g i v i n g  p o s i t i v e  Z values w h i l e  
preasphal tene samples g i ve  negat ive  values. Samples which f i t  t h e  wrong 
ca tegory  a re  i n d i c a t e d  by a n  X under t h e  VTRA column o f  Table 2 .  The bes t  
d i f f e r e n t i a t i o n  occur red  f o r  t he  p l o t  o f  molar d e n s i t y  o f  moles H/100 g ( w t  % 
hydrogen) versus moles OH/100 g. Parameters which i nc lude  p a r t s  o f  t h e  t o t a l  
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data o r  terms c a l c u l a t e d  f rom p a r t s  o f  t h e  da ta  gave more m ix ina  o f  t h e  
asphaltene and preasphal tene po in ts .  The most mix ing  occurred f o r  H/C (F igu re  
2)  o r  Haru/Car (F igu re  3 )  versus moles OH/100 g p l o t s .  Less mix ing  occur red  
fo r  H/(C+N+O+S) w h i l e  the  bes t  d i f f e r e n t i a t i o n  r e s u l t e d  when moles H / t o t a l  
sample w t  were used. C o r r e l a t i o n  c o e f f i c i e n t  values (r va lues)  computed us ina  
an I B M  s t a t i s t i c a l  ana lys i s  package a re  presented i n  Table 3. Over lap o f  t h e  
d i s t i n c t  regions shown i n  F igures  1 throuph 3 increased w i t h  t h e  decreasing 
c o r r e l a t i o n  o f  t he  parameter w i t h  mole f r a c t i o n  o f  hydrogen. Phenol ic oxygen 
conten t  have e s s e n t i a l l y  w i th  no l i n e a r  c o r r e l a t i o n  w i th  hydrogen con ten t  f o r  
asphaltene ssmples w h i l e  preasphal  tene samples show some c o r r e l a t i o n  (see 
F igure  4). 

For t h e  d i s s o l u t i o n  o f  a compound, A, i n t o  a solvent;  t he  molar s o l u b i l i t y  

( 2 )  
-F 

A(so1id) + A ( l i q ]  

of  A i s  a func t i on  o f  t h e  a c t i v i t y  c o e f f i c i e n t ,  yA, where K O  would be t h e  

K O  

S o l u b i l i t y  = S = - 
Y P  

thermodynamic s o l u b i l i t y  cons tan t  f o r  equat ion  1. From s o l u b i l i t y  parameter 
theory  f o r  regu la r  s o l u t i o n s  t h e  a c t i v i t y  c o e f f i c i e n t ,  y. ,  f o r  a s o l u t e  i 
d i s s o l v i n g  i n t o  s o l v e n t  j i s  g iven  by Equat ion 3 (E), whera 6 i s  t he  va lue  o f  
the  H i ldebrand s o l u b i l i t y  parameter o f  t h e  so l ven t  o r  s o l u t e  and Vi i s  t h e  

RTlnyi = Vi(6i-6.) 2 
3 (3) 

molar volume o f  t h e  so lu te .  For maximum s o l u b i l i t y  t he  a c t i v i t y  c o e f f i c i e n t  
should approach u n i t y  and thus  i t  i s  d e s i r a b l e  t o  have 6i = 65. The r u l e  o f  
thumb used i n  organic chemis t ry  i s  t h a t  ' l i k e  d i s s o l v e  l i k e ' .  The s o l u b i l i t y  
reg ions  de f ined by F igu re  1 suggest t h a t  t.he o rd ina te ,  hydrogen t o  o t h e r  
elements, i s  a f u n c t i o n  o f  t h e  II and d i spe rs i ve  i n t e r a c t i o n s  of t h e  coa l  ma t te r  
w h i l e  t h e  abscissa, mmoles OH/g, i s  a f u n c t i o n  o f  t h e  hydrogen bonding. 
C l e a r l y  t h e  t o t a l  hydrogen and hydroxy l  con ten ts  a re  dec i s i ve  parameters f o r  
e s t a b l i s h i n g  the  benzene o r  THF s o l u b i l i t y  o f  t h e  coal  ma te r ia l s .  

Equat ion 3 p r e d i c t s  an inc rease o f  t h e  s o l u b i l i t y  a c t i v i t y  c o e f f i c i e n t  
w i th  inc reas ing  molar  volume o f  t h e  so lu te .  Several at tempts were made t o  
i nc lude  V .  i n  the c o r r e l a t i o n s  by p l o t t i n g  l o g  (H/C + VW) o r  l o g  (H/C + M W / l O )  
versus t h &  a c i d i t y  o f  t h e  samples. Th is  approach always mixed t h e  asphal tene 
and preasphal tene regions. Asphal tenes and preasphal  tenes have cons iderab le  
over lapp ing  o f  t h e  molecu la r  we igh ts  a l though on t h e  average t h e  t o t a l  
preasphal tene sample i s  severa l  hundred grams/mole h i g h e r  f o r  t h e  same process. 

) We observed f o r  a l l  s e r i e s  o f  preasphal tene samples ob ta ined f rom t h e  same 
process cond i t ions  t h a t  t h e  molecu la r  we igh t  inc reased as t h e  H/C  mole r a t i o  
decreased (see F igu re  4). The molecu la r  we igh ts  o f  each f r a c t i o n  o f  t h e  

\ preasphal tenes and asphal tenes from runs 46 and 32 a re  shown on F igu re  4 so t h e  
over lap  of t h e  molecu la r  we igh t  ranges can be observed. Asphal tene samples 
show t h a t  molecular we igh ts  a re  v i r t u a l l y  independent o f  t h e  H/C r a t i o  and tha t  
the  a c i d i t y  changes occur i n  no rep roduc ib le  way. The major  d i f f e r e n c e  shown 
i n  F igu re  4 i s  t he  removal o f  pheno l ic  oxygen when going t o  r e c y c l e  cond i t i ons  
( ruc  46) as opposed t o  those w i t h o u t  bottoms r e c y c l e  ( r u n  32) .  Other oxygen i s  
a l s o  lowered by t h e  recyc le  cond i t i ons  a l though t h i s  f a c t o r  i s  n o t  apparent i n  
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t h e  f igure .  Th is  
behavior i s  rep resen ta t i ve  o f  a l l  t h e  samples when i n d i v i d u a l  runs are 
compared. Recause o f  t h e  d i f f e r e n t  mo lecu la r  we igh t  r e l a t i o n s h i p s  f o r  
asphaltene and preaspha l tene samples, i t  i s  n o t  s u r p r i s i n g  t h a t  molecular 
we igh t  terms can n o t  c o r r e l a t e  d i r e c t l y  i n  t h e  s o l u b i l i t y  p l o t s  such as F igure  
1. 

P l o t s  o f  t h e  mole f r a c t i o n  of hydrogen o r  Haru/Car versus a c i d i t y  are no t  

as e f f e c t i v e  i n  d e f i n i n g  t h e  s o l u b i l i t y  reg ions  as i s  t h e  graph o f  mole 
f r a c t i o n  hydrogen. A majo r  c o n t r i b u t i n g  f a c t o r  i n  these c o r r e l a t i o n s  i s  due t o  
t h e  r e l a t i o n s h i p  between a r o m a t i c i t y  and condensat ion and t h e  carbon t o  
hydrogen mole r a t i o .  The f r a c t i o n  o f  a romat ic  carbons i s  de f i ned  by equat ion 4 

The mo lecu la r  we igh t  da ta  f o r  F igu re  4 i s  g i ven  i n  Table 4. 

(4) 

where C/H i s  t h e  carbon t o  hydrogen mole r a t i o  and H*,, i s  t h e  mole f r a c t i o n  o f  

a l i p h a t i c  hydrogens i n  t h e  sample as determined by NMR measurements (2). The 
condensation i s  represented  by t h e  number of h y p o t h e t i c a l  edge aromat ic carbons 
(Earu) pe r  t o t a l  a romat ic  carbons (Car) as def ined by equat ion  5, 

U I  

+ H*,,/2 + (OH + 2 O) /H 
( 5 )  

H*ar 

Fa (C/H) 
Haru /Car  = 

I n  equat ion 5 ,  H*ar corresponds t o  t h e  mole f r a c t i o n  of a romat ic  p ro tons  as 
determined by NMR and t h e  oxyaen terms a r e  mole r a t i o s  t o  t o t a l  hydrogen ( 9 ) .  
The magnitude o f  b o t h  fa and H,rU/Car a r e  determined t o  a l a r g e  e x t e n t  by The 

C/H r a t i o .  However, t h e  s o l u b i l i t y  of a molecule must be determined by 
add i t i ona l  f a c t o r s  as w e l l  as t h e  percentage and condensation o f  t h e  aromatic 
carbons. 

Oxygen comprises 4 t o  8% of t h e  sample by we igh t  and i s  40 t o  70% pheno l ic  
depending on the  s o l u b i l i t y  category.  Table 5 shows t h e  percentage o f  oxygen 
as pheno l ics  and e thers .  For  most of t h e  r e c y c l e  samples preasphaltenes 
con ta in  40-50% o f  t h e  oxygen as pheno l i cs  w h i l e  asphal tenes a re  60-75% 
phenol ic.  On t h e  o t h e r  hand, non- recyc le  cond i t i ons  l ead  t o  n e a r l y  equal 
amounts of e t h e r a l  and pheno l i c  oxygen f o r  bo th  asphal tene and preasphal tene 
samples. On ly  t h e  pheno l i c  conten t  of t h e  samples i s  taken i n t o  account i n  the  
abscissa. The e t h e r  con ten t  undoubtedly has an i n f l uence  on t h e  s i ze ,  shape 
and T-T i n t e r a c t i o n s  o f  t h e  aromat ic  systems. Thus, t h e  i n c l u s i o n  o f  oxygen 
conten t  w i th  the  o r d i n a t e  b e t t e r  c o r r e l a t e s  t h e  d i spe rs i ve ,  s i z e ,  shape and VT 

i n t e r a c t i o n s  of t h e  molecules. Another f a c t o r  i n f l u e n c i n g  s o l u b i l i t y  would be 
t h e  na ture  o f  t h e  a l i p h a t i c  carbons. L i q u e f a c t i o n  under hydrogen alone tends 
t o  produce asphal tenes and preasphal tenes wi th ( s h o r t e r  average a1 i p h a t i c  chain 
l e n g t h )  than do hydrogen-carbon monoxide systems (IO). Lacking i n c l u s i o n  of a 
s p e c i f i c  t e rm f o r  t h e  l eng th  o f  t h e  a l i p h a t i c c h a i n s ,  t h e  i n f l u e n c e  of 
a l i p h a t i c  carbons i s  b e s t  taken i n t o  account us ing  t h e  t o t a l  moles o f  hydrogen 
i n  t h e  abscissa. N i t rogen  conten ts  a re  g e n e r a i i y  smai i  and eveniy d i s t r i b u t e d ,  
except f o r  a s i zeab le  f r a c t i o n  of low MW preasphal tenes t h a t  had appreciably 
h ighe r  values. S u l f u r  con ten ts  a re  a l s o  smal l  and b o t h  asphaltene and 
preasphal tene conten ts  appear t o  respond s i m i l a r l y  t o  p rocess ing  cond i t ion .  
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CONCLUSIONS 

Comparison o f  t h e  t o t a l  f r a c t i o n s  of  t h e  preasphal tenes and asphal tenes of  
t h e  same process show t h e  fo l l ow ing .  

F i r s t ,  preasphal tene samples inc rease i n  t h e  f r a c t i o n  o f  a romat ic  carbons 
, and degree o f  condensation w i t h  i nc reas ing  molecu la r  weight.  Asphaltenes 

samples, on the  o t h e r  hand, inc rease i n  t h e  f r a c t i o n  o f  aromat ic carbons w i t h  
decreasing molecular we igh t .  The degree o f  condensat ion maximizes a t  h igh  and 
low molecules weight values. 

Second, asphal tene samples have lower  fa and h ighe r  Haru/Car va lues  than 
t h e  preasphal tenes. Asphal tenes con ta in  fewer condensed aromat ic molecules 
than do t h e  preasphaltenes. 

Th i rd ,  t h e  pheno l ic  a c i d  conten t  i s  lower  f o r  t h e  asphal tene samples i n  
general .  Th is  a c i d i c  p r o p e r t y  works i n  combinat ion w i t h  t h e  t o t a l  hydrogen 
conten t  t o  u l t ima t ,e l y  determine i n t o  which s o l u b i l i t y  ca tegory  a sample may 
f a l l .  

Fourth,  Table 3 shows t h a t  t he  r e c y c l e  preasphal tene samples con ta in  a 
h ighe r  percentage o f  oxygen and much o f  t h a t  i s  due t o  increased o t h e r  (ncln 
pheno l ic )  oxygen, poss ib l y  i n  e thers .  Recycle asphal tene samples con ta in  about 
60-70% pheno l ic  oxygen, w h i l e  preasphal tenes c o n t a i n  4 0 4 0 %  pheno l i c  oxygen. 
Non-recycle cond i t i ons  l e a d  t o  h ighe r  t o t a l  oxygen conten ts  o f  bo th  ca tegor ies  
and t o  nea r l y  the  same d i s t r i b u t i o n  between asphal tene and preasphal tene 

> samples. Recycl ing o f  t h e  vacuum bottom leads t o  an e the ra l  oxygen removal. ' Th is  i s  p robab ly  one reason f o r  t h e  success o f  t h e  p l o t  of mole f r a c t i o n  of 
t o t a l  hydrogen versus pheno l ic  conten t  r a t h e r  than t h e  p l o t  o f  HarU/Car versus 
pheno l ic  conten t  g i ves  a b e t t e r  separa t ion  o f  asphal tene and preasphal tene 
samples. The mole f r a c t i o n  o f  t he  hydrogen t e r n  takes  i n  account the oxygen 
conten t  o f  t he  sample f u r t h e r  separa t ing  t h e  reg ions  o f  F igu re  1. 

F i f t h ,  mo lecu la r  we igh t  ranges o f  t h e  two ca tegor ies  over lap .  When a 
number o f  samples w i t h i n  a narrow range was examined, one observed t h a t  t he  
m a j o r i t y  o f  t h e  preasphal tenes l i e  i n  a ranae from 600 t o  2500 g/mol w h i l e  the  
asphal tenes l i e  between 300 t o  600 g/mol. Preasphal tene samples inc reased i n  
pheno l ic  conten t  wi th decreasing molecu la r  we igh t  (see F igu re  4 ) .  Asphaltene 
samples show random pheno l ic  conten t  w i t h  mo lecu la r  we igh t .  However, i n c l u s i o n  
o f  t h e  molecular we igh t  d i r e c t l y  i n  a s o l u b i l i t y  p l o t  s i m i l a r  t o  F igu re  1 was 
n o t  successful .  

For the  l i g n i t e  process samples s tud ied ,  t h e  d i f f e r e n t i a t i o n  o f  t h e  
asphal tene and preasphal tene samples f o l l o w  equat ion  1 r a t h e r  w e l l  f o r  over  80% 
o f  t h e  samples. Hydrogen and pheno l ic  conten t  seem t o  be t h e  o n l y  parameters 
needed t o  spec i f y  i n t o  which s o l u b i l i t y  category t h e  hexane i n s o l u b l e  p o r t i o n s  
fnon d i s t i l l a b l e )  o f  a l i g n i t e  l i q u e f a c t i o n  process may l i e .  The i m p l i c a t i o n  
i s  t h a t  i t  i s  des i reab le  t o  lower  the  pheno l i c  oxygen conten t  w h i l e  r a i s i n g  the  
H/C  mole r a t i o  du r ing  l i q u e f a c t i o n .  
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Table 2. S t ruc tu ra l  Features of Asphaltene Samples 

W t  % 
FillN PER F I C T  UTKT Wb C H N 0 S W 

15 $ 
15 
15 5 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 1 1  
26 I 1  
26 I1 
26 11 
26 11 
26 1 1  
26 1 1  
36 I f  
26 11 
26 11 
32 3 

32 3 
32 3 
3 2 3  
32 3 
9 3 
32 3 
34 4 
34 4 
34 4 
34 4 
3 4  
34 4 
3 4 4  

34 4 
41 14 
41 14 
41 14 
41 14 
41 14 
41 14 
41 14 
41 14 
44 12 
45 15 
46 16 
46 16 
46 16 

46 16 
53 18 
58 15 
69 12 

Zb 

E 

34 4 

2 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
I 
2 
3 
4 
5 
6 
7 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
I 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
!?A 
58 
X 
0 
0 
0 
1 
2 
3 
: 
5 
0 
0 
0 

! 

100.00 . 
5.33 . 
5.37 . 
8.52 . 
12.58 . 
15.02 . 
13.83 . 
4.35 . 
1.05 . 
8:50 i 
8.50 X 
9.70 Y 
9.70 . 
13.90 . 
19.00 . 
Y.W . 
2.50 . 
2190 i 
3.30 . 
6.00 . 
11.00 . 
15.00 , 
30.00 . 
14.80 
22.30 i 
8.60 X 
97.00 . 
3.10 . 
5.60 . 
6.90 . 
9.80 . 
14.80 , 

22.20 . 
12.10 * 
94.00 , 
2.80 . 
5.30 , 
7.30 . 

10.80 . 
16.40 
21.70 i 
20.60 . 
12.00 . 
100.00 , 
10.80 . 
5.40 . 
7.30 . 
11.40 . 
23.30 . 
28.50 
13.40 j (  
100,00 , 
100.00 . 
100.00 . 
9.20 . 
22.90 , 

16.20 j (  
100.00 , 
100.00 . 
100.00 . 

20.94 . 
100 00 

1?.?0 . 
100 00 

20.90 . 

212 - 

1.853 0.872 0.852 
1.974 0.925 0.855 
1.5% 0.809 0.671 
2.104 0.862 0.748 
2.355 0.883 0.827 
2.747 0.940 0.922 
2.235 0.895 0.887 
1.121 0.820 0.780 
0.410 0.736 0.691 
0.170 0.714 0.638 
1.241 0.720 0.700 
1.231 0.669 0.640 
1.241 0.644 0.W 
1.282 0.640 0.619 
1.412 0.689 0.664 
1.763 0.739 0.740 
1.k92 0.717 0.710 
0.620 0.693 0.655 
0 . lW 0.639 0.631 
0.110 0.655 0.676 
1.221 0.804 0.756 
1.282 0.665 0.592 
1.282 0.713 0.628 
1.342 0.729 0.617 
1.442 0.791 0.694 
1.833 0.794 0.734 
1.602 0.806 0.804 
0.330 0.748 0.704 
9.000 0.695 0.662 
3.000 0.625 0.591 
2.571 0.846 0.808 
1.834 0.783 0.648 
2.043 0.791 0.697 
2.164 0.824 0.696 
2.335 0.864 0.793 
2.792 0.873 0.808 
3.424 0.900 0.916 
2.861 0.867 0.924 
0.970 0.771 0.767 
3.107 0.861 0.658 
2.221 0,815 0.614 
2.471 0.805 0.638 
2.663 0.831 0.691 
2.969 0.854 0.736 
3.502 0.884 0.815 
4.377 0.890 0.909 
2.736 0.856 0.863 
0.682 0.786 0.751 
1.570 0.911 0.762 
1.493 0.849 0.661 
1.532 0.536 0.691 
1.593 0.973 0.713 
1.842 0.971 0.784 
2.094 0.977 0.815 
0.985 0.856 0.740 
6.203 0.665 0.613 
0.962 0.755 0.694 
1.599 0.865 0.759 
1.136 0.7W 0.704 
1.247 0.765 0.607 
1.M4 0.857 0.727 
1.124 0.848 0.771 
0.399 0.751 0.697 
5-33 0.650 0.621 
0.940 0.765 0.682 
1.339 0.826 0.750 
1.012 0.809 0.709 

36.3 48.3 12.4 0.7 
27.3 45.1 24.4 0.9 
22.3 40.3 33.8 0.1 
23.4 42.6 30.5 0.4 
25.9 48.7 21.5 0.4 
28.1 50.8 16.7 0.6 
33.7 50.6 12.1 0.6 
46.5 47.4 4.2 1.1 
56.' 38.4 4.4 0.9 
61..' 28.1 9.9 0.9 
54.9 38.1 4.7 0.2 
50.1 30.6 16.6 -0.4 
50.8 34.2 12.3 -0.4 
51.5 36.6 9.0 -0.5 
50.5 37.5 9.2 -0.2 
51.6 44.1 1.0 0.0 
54.5 41.6 1.0 0.1 
62.6 32.4 3.7 0.5 
74.5 20.9 4.3 0.2 
78.7 16.5 4.5 0.2 
46.8 41.3 9.9 0.8 
37.4 36.2 23.6 -0.5 
37.9 35.0 24.5 -0.1 
24.7 47.4 25.2 -0.0 
37.1 37.6 22.8 0.4 
38.0 42.3 16.4 0.2 
46.4 k8.k 2.5 0.6 
56.0 39.5 3.9 1.0 
69.9 27.4 2.6 -3.5 
78.5 17.9 3.5 -1.1 
40.9 39.7 15.2 0.2 
33.3 30.9 32.4 0.1 
35.3 34.2 26.8 0.0 
32.2 34.6 29.4 0.3 
32.5 41.8 21.7 0.4 
31.7 43.2 20.5 0.3 
34.5 49.7 10.3 0.1 
40.3 55.0 -0.0 0.2 
56.8 41.6 -0.0 0.8 
40.1 43.7 11.0 0.0 
27.8 29.6 38.7 0.2 
29.9 32.4 33.4 0.0 
31.1 34.2 30.2 0.1 
30.5 38.5 26.1 0.1 
31.5 42.9 20.0 0.0 
33.7 50.9 8.3 -0.4 
42.2 48.6 4.8 0.3 
56.2 38.4 4.2 1.1 
37.4 34.1 26.1 1.4 
29.1 31.7 36.7 0.8 
23.2 27.8 46.9 1.8 
23.8 32.2 41.7 1.7 
27.5 36.0 33.9 1.6 
30.4 35.9 30.7 1.5 
42.7 35.6 20.2 1.4 
69.2 23.5 7.3 -2.4 
54.2 31.0 13.1 0.6 
43.8 35.4 18.3 1.1 
54.5 29.2 14.4 0.9 
40.5 24.0 33.3 0.4 
38.9 33.6 25.1 1.0 
47.1 37.3 13.8 1.3 
62.5 29.8 7.0 1.1 
81.1 15.1 3.7 -2.0 
54.5 30.1 13.7 0.7 
52.0 31.9 13.9 1.0 
48.9 31.7 17.8 1.0 
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J 
I Table 2 .  Structural Features o f  Preasphaltene Samples 

KW PER FWT 

15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
15 2 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 7 
26 I1  
26 I1  
26 11 
26 I 1  
26 I 1  
26 I1 
26 1 1  
26 1 1  
32 3 
32 3 
32 3 
3 2 3  
32 3 
32 3 
52 3 
3 2 3  
32 3 
34 4 
34 4 
34 4 
34 4 
3 4 4  
34 4 
::4 4 
41 14 
41 14 
41 14 
41 14 
41 14 
41 14 
44 12 
45 15 
46 16 
46 16 
46 16 
46 16 
46 16 

1 46 16 
53 18 
9 15 
09 12 

t 

1 
10 
1 1  
12 
2 
3 
4 
5 
6 
7 
8 
9 
1 
10 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
I 
2 
3 
4 
5 
6 
0 
1 
2 
3 
4 
5 
0 
0 
0 
1 
2 
3 
4 
5 
0 
0 
0 

Wt % 
WTPCTVTRfib C H N 0 S Mpo 

15 40 
1.25 . 
0.60 . 
26.44 . 
17.32 . 
7.36 . 
7.11 . 
7.70 . 
4.27 
6.78 i 
3.85 x 
8.49 . 
2.40 . 
23.36 . 
19.60 . 
13.52 . 
8.40 . 
7.84 . 
6.08 
4.96 i 
4.96 X 
21.68 . 
31.24 . 
22.22 * 
9.17 
3.03 j ,  
1.86 x 
0.78 . 
0.15 . 
97.00 . 
16.20 . 
19.90 . 
13.30 . 
12.40 . 
13.00 . 
11.30 . 
8.80 
2.70 j ,  
97.00 . 
13.60 I 

24.30 . 
13.90 . 
12.20 I 

12.60 . 
9.80 . 

100.00 , 
21.40 . 
16.60 . 
26.10 . 
24-10 
11.80 i 
100.00 . 
100.00 . 
100.00 . 
15.50 . 
14.40 . 
23.10 * 
25 60 
100.00 . 
100.00 . 
100.00 . 

1:92 i 

21:30 i 

80.47 4.95 1.59 
88.58 6.21 0.53 
75.01 4.88 0.24 
M.88 5.21 0.35 
80.50 4.78 1.40 
80.36 4.79 1.31 

78.48 5.52 0.95 
78.15 5.79 0.97 
78.03 6.01 1.00 
79.57 6.26 1.12 
82.17 6.42 0.84 
83.86 4.74 2.01 
91.68 5.69 0.31 
85.31 4.66 1.73 
83.91 4.74 1.47 
82.80 5.02 1.36 
82.69 5.46 1.29 
81.63 5.74 1.20 
83.98 6.03 1.09 
88.06 6.16 0.49 
90.61 6.05 0.32 
85.79 4.61 1.49 
86.03 4.73 1.34 
85.67 4.79 1.35 
84.88 4.82 1.32 
84.81 5.54 0.93 
90.56 5.56 0.36 
91.23 5.28 0.23 
91.32 5.27 0.61 
83.22 5.06 2.16 
83.78 4.53 2.30 
83.38 4.70 2.40 
82.37 4.95 2.15 
83.01 5.07 2.39 
81.25 5.36 1.94 
80.25 5.56 1.88 
76.52 6.04 1.95 
83.95 6.25 2.53 
83.49 5.07 2.15 
83.58 4.55 2.73 
83.58 4.72 2.44 
82.98 5.03 2.57 
82.50 5.18 2.26 
81.24 5.30 1.96 
80.53 5.40 2.00 
85.27 5.17 1.98 
86.72 4.47 1.56 
85.00 4.73 2.01 
84.48 5.02 1.91 
83.96 5.51 1.81 
86.90 6.02 1.65 
65.58 5.28 1.57 
88.48 4.85 1.44 
87.64 4.'12 2.03 
87.16 4.28 1.90 
86.52 4.46 1.81 
86.64 4.93 1.58 
87.29 5.60 1.41 
85.80 4.55 2.28 
86.68 5.05 2.50 
86.56 4.88 2.47 

80.04 5-14 0.98 

87.76 4.90 1.44 

12.42 0.56 2716 
18.98 0.88 272 
8.68 0.88 272 
12.70 0.61 2497 
13.54 0.00 2055 
13.31 0.53 1228 
14.53 0.52 823 
14.55 0.53 619 
14.38 0.58 459 
12.06 0.99 382 
9.62 0.95 314 
8.85 0.54 1874 
1.69 0.63 404 
7.50 0.80 1496 
9.31 0.58 1314 
10.08 0.73 640 
10.01 0.55 488 
10.76 0.67 404 
8.18 0.72 404 
4.62 0.66 404 
2.38 0.64 404 
7.63 0.48 1039 
7.41 0.50 829 
7.70 0.49 621 
8.29 0.69 480 
8.06 0.67 480 
2.87 0.65 480 
2.61 0.64 480 
2.15 0.M 480 
8.99 0.57 588 
8.85 0.54 1x20 
8.97 0.55 1800 
9.97 0.56 837 
8.93 0.59 648 
10.86 0.58 570 
11.72 0.59 397 
14.91 0.59 290 
6.72 0.55 241 
8.73 0.56 612 
8.61 0.53 2020 
8.72 0.54 1780 
8.88 0.55 940 
9.50 0.s 690 
10.92 0.57 470 
11.49 0.57 390 
7.35 0.24 671 
7.03 0.21 2850 
8.05 0.21 1420 
8.44 0.15 740 
8.50 0.22 430 
5.23 0.21 290 
5.69 0.21 600 
7.42 0.15 676 
1.80 0.44 608 
6.07 0.14 2650 
6.48 0.18 1420 
6.99 0.21 806 
6.69 0.16 390 
5.49 0.21 290 
6.51 0.87 701 
5.62 0.15 620 
5.16 0.93 702 

3.77 0.90 272 
1.801 0.739 0.690 
0.569 0.842 0.729 
4.10 0.781 0.913 
5.000 0.737 0.742 
1.878 0.713 0.668 
1.973 0.716 0.702 
2.371 0.771 0.778 
2.736 0.844 0.855 
2.949 0.890 0.966 
2.944 0.524 1.023 
2.896 0.944 0.992 
1.919 0.938 0.905 
1.381 0.678 0.658 
2.800 0.745 0.708 
1.479 0.656 0.616 
1.694 0.678 0.677 
2.261 0.728 0.761 
3.037 0.792 0.831 
3.338 0.844 0.909 
3.227 0.862 0.886 
1.255 0.839 0.810 
0.205 0.801 0.746 
1.021 0.645 0.623 
1.426 0.659 0.645 
1.501 0.671 0.671 
1.882 0.682 0.695 
0.985 0.784 0.799 
0.212 0.736 0.696 
3.900 0.695 0.666 
3.200 0.693 0.645 
3.115 0.730 0.721 
1.912 0.649 0.564 
2.376 0.677 0.647 
2.935 0.721 0.696 
4.374 0.732 0.747 
3.714 0.792 0.839 
4.179 0.831 0.888 
4.053 0.946 1.046 
2.291 0.893 0.804 
2.824 0.729 0.715 
1.616 0.653 0.550 
1.925 0.677 0.609 
2.525 0.727 0.694 
2.957 0.753 0.738 
3.187 0.783 0.804 
3.545 0.805 0.848 
1.790 0.727 0.631 
1.321 0.619 0.530 
1.603 0.667 0.590 
2.010 0.713 0.661 
2.452 0.788 0.744 
1.102 0.831 0.679 
1.540 0.670 0.621 
1.783 0.740 0.649 
1.604 0.657 0.609 
0.808 0.564 0.531 
1.232 0.589 0.551 
1.426 0.619 0,584 
1.777 0.683 0.650 
0.861 0.770 0.695 
1.433 0.636 0.568 
1.W 0.699 0.631 
1.177 0.676 0.584 

N M R ~  
HPR w How z b  
35.1 35.7 25.6 -0.4 
42.5 37.6 19.0 1.5 
51.7 37.7 10.5 -1.7 
55.9 36.1 8.0 -1.7 
34.4 40.6 20.9 -0.6 
31.6 47.3 16.5 -0.5 
31.0 50.0 14.0 -0.3 
30.4 52.4 12.1 -0.1 
'-0.9 54.4 9.9 0.1 
31.9 49.9 13.5 0.4 
34.9 42.3 19.9 1.0 
53.4 29.3 14.3 -0.4 
65.6 30.8 3.6 -0.1 
50.7 31.6 14.5 -0.5 
55.5 29.5 11.5 -0.6 
46.4 44.8 4.3 -0.5 
38.9 51.9 3.6 -0.5 
41.2 49.9 3.1 -0.4 
41.1 48.4 5.2 -0.0 
46.4 44.4 7.2 1.1 
55.3 37.4 7.0 1.5 
56.8 28.9 12.1 -0.4 
54.2 33.9 8.9 -0.4 
54.7 35.8 6.3 -0.4 
53.0 38.6 4.5 -0.6 
55.5 37.0 5.7 0.6 
62.2 31.5 5.9 1.0 
71.1 24.0 4.8 -1.1 
74.0 16.2 9.7 -0.8 
40.8 43.2 9.9 -0.9 
39.8 29.7 26.3 -0.9 
42.2 38.8 14.0 -0.9 
41.8 35.8 16.5 -0.9 
42.7 43.0 5.7 -1.5 
45.3 42.0 5.7 -0.9 
40.2 45.2 7.1 -0.9 
33.6 47.1 12.6 -0.4 
34.6 40.4 21.4 0.7 
41.2 43.0 10.2 -0.8 
37.4 30.5 28.5 -0.7 
39.5 33.1 23.3 -0.7 
39.8 40.9 14.2 -0.7 
38.7 43.4 12.2 -0.7 
39.6 44.7 9.7 -0.7 
37.8 48.2 7.5 -0.8 
43.5 28.3 24.7 -0.2 
47.8 24.0 25.2 -0.6 
45.2 28.0 23.5 -0.5 
44.5 33.4 18.1 -0.4 
41.5 37.3 16.6 -0.2 
42.2 26.6 29.3 1.0 
58.8 23.5 14.6 -0.3 
43.3 29.9 23.4 -0.1 
59.0 25.5 12.2 -0.4 
69.5 12.0 16.6 -0.7 
61.7 19.6 15.9 -0.8 
57.7 24.6 14.6 -0.7 
54.7 29.7 12.0 41.4 
54.2 25.9 18.4 0.7 
53.9 23.3 19.6 -0.6 
53.8 25.0 17.6 -0.3 
52.1 23.9 21.6 -0.2 

35.4 35.2 25.5 -0.6 

I 
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Table 2. S t r u c t u r a l  Features o f  103a 

W t  % NMR' 

MMPERFRGCT WTPCT VTH(I~ c H N o s ww OH HTCC m HAR WL HOTH zb 
103 17 
103 17 
103 17 
103 17 
103 17 
103 17 
103 17 

100.00 . 
16.60 . 
11.40 * 
14.30 . 
19.80 
21.70 . 
14.10 . 

d 0.1 
-0.2 
0.2 
0.4 
0.4 
0.9 
1.2 

a. 103 i s  a t o t a l  SRL conta in ing  both asphaltenes and preasphTltenes. 
b. X i n  VTRA i n d i c a t e s  Z =H%-0.486(0H) -4.67 mismatch. 

i s  a preasphaltene. 
c. Ha+ + Hal + HOH = 100, sum of mole f r a c t i o n o f  aromatic, a l i p h a t i c  and 

phenol ic protons equals 100. 
Ho equals mole percent o f  protons on a l i p h a t i c  carbons more than one carbon 

I f  2 = negat ive sample 
If Z E p o s i t i v e  sample i s  an asphaltene. 

To o b t a i n  HOH subtract  H ar + Hal from 100. 

u n i t  from an aromatic r ing ,  alpha + other protons equals 
protons. 

d. Data n o t  measured. 

Table 3 .  C o r r e l a t i o n  C o e f f i c i e n t s  (r)  Between Various Aspha 
and Preasphaltene Parameters 

t o t a l  a1 i p h a t i c  

I 

tene 

Asphaltenes r value 
Parameter 

I I  1 .o 0.996 0.943 0.56 
tl/M --- 1 .o 0.970 0.60 
H/C --- --- 1.0 0.64 

1 .oo Ha ruICa r 
OH -0.14 -0.13 -0.100 0.03 

d 
Ha H/Mb H/CC Ha ru/'ar 

--- --- --- 

Preasphal tenes 
Parameter H 

H 1 .o 0.998 0.57 0.91 
--- 1 .o 0.98 0.93 --- 1.0 0.96 

H/M 
H / C  
Ha r J C a  r 
OH 0.78 0.793 0.82 0.83 

HIM H/C Ha ru"a r 

--- 
1 .o --- --- --- 

a. 
b.  :hie r d t i o  of H i ( C t N + u + j j .  
c. Molar H/C r a t i o .  
d. 

Mole f r a c t i o n  o f  hydrogen ( w t  %) .  

Hole r a t i o  o f  edge aromatic t o  aromatic carbon. 
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Table 4. Molecu la r  Weight Values f o r  Runs 46 and 32 

Molecu la r  Weighta 
Sample Asphal tene Preasphal tene 

46-1 
46-2 
46-3 

' 46-4 
46-5 

32-1 
32-2 
32-3 
32-4 
32-5 
32-6 
32-7 

875 
430 
290 
250 
260 

1360 
1540 
1010 
640 
550 
390 
300 

2650 
1420 
810 
390 
290 

1320 
1800 
840 
650 
570 
400 --- 

adetermined by VPO, so l ven t  p y r i d i n e  
\ 

Table 5. Comparison o f  Oxygen F u n c t i o n a l i t y  f o r  Various 
Asphal tene (A)  and Preasphal tene (PA) Samples 

Oxygen Content mmoles/g % O  
Sample Recyclea To ta l  0, Phenol as phgnol 

41 PA 
41 A 
45 PA 
45 A 
53 PA 
53 A 
69 PA 
69 A 

I 32 PA 
32 A 
15 PA 

103 To ta lb  

15 A no 
26 PA no 
26 A no 

I 

4.39 
2.48 
4.42 
2.09 
3.92 
1.61 
3.13 
1.60 
2.91 
5.61 
5.51 
7.89 

1.79 
1.57 
1.78 
1.60 
1.43 
0.96 
1.12 
1.01 
2.12 
3.12 
2.57 
2.11 

41 
63 
40 
77 
37 
60 
36 
63 
73 
55 
52 
17 

5.09 1.85 36 
5.16 1 .e9 37 
3.16 1.24 40 

aNo ind i ca tes  petroleum der i ved  so l ven t  passed once through. Yes i n d i c a t e s  
bottom recyc le  so l ven t  used. 

t h i s  case asphal tene and preasphal tene sample n o t  separated. H2S run. 
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